Abstract
Objective: Based on the theory of incentive sensitization, the aim of this study was to 23 investigate differences in attentional processing of food-related visual cues between normal 24 weight and overweight/obese males and females. 25 Design and Methods: Twenty-six normal weight (14M, 12F) and twenty-six 26 overweight/obese (14M, 12F) adults completed a visual probe task and eye-tracking 27 paradigm. Reaction times and eye-movements to food and control images were collected 28 during both a fasted and fed condition in a counterbalanced design.
29
Results: Participants had greater visual attention towards high energy dense food images 30 compared to low energy dense food images regardless of hunger condition. This was most 31 pronounced in overweight/obese males who had significantly greater maintained attention 32 towards high energy dense food images as compared to their normal weight counterparts 33 however no between weight group differences were observed for female participants. What is already known about this subject? 44 • Research has demonstrated that exposure to food visual cues and the subsequent 45 activation of reward pathways in the brain may play a role in obesity. 46 • To date, a number of researchers have investigated attentional responses to food 47 cues in both normal weight and overweight/obese populations however results have 48 been conflicting. 49 • Despite eye-tracking being considered to be one of the most direct methods of 50 assessing attentional bias, studies that have been conducted to date using this 51 technique have only addressed differences in the attentional processing of visual 52 food cues between normal weight and overweight/obese individuals within female 53 populations.
54
What this study adds 55 • Results from the present study indicate that HED food images are more 'attention 56 grabbing' than LED food images.
57
• Findings also provide for the first time, evidence for a possible dysregulation of a 58 visual food cue-associated reward system in overweight/obese males 59 • This study highlights the need for future studies using eye-tracking as a direct 
Introduction

65
It has been suggested that the current 'obesogenic' environment is contributing greatly to 66 the worldwide obesity epidemic 1 
Study design
149
The study design was modified from Castellanos et al. 4 . Participants attended on two study 150 days at least 5 days apart and completed the experimental task once in a fasted state and 151 once in a fed state. Participants were instructed to fast for a minimum of 8 hours before 152 both sessions and were randomly assigned to perform the experimental task in the fasted or 153 fed state at the first study session to prevent study order bias. Participants were contacted 154 before their study session to remind them to fast and on the day of the study session, 
Eye-Movement Data
196
A head-mounted eye-tracker was used to collect eye-movement data during the visual 197 probe task. Prior to the beginning of the task, participant eye-movements were calibrated 198 using a 9-point calibration frame. Gaze fixation measurements were sampled every 16ms 4 .
199
Fixations were considered as (a) saccades that remained stable for ≥100 ms 18 were conducted firstly at a group level comparing normal weight vs. overweight/obese 220 participants and secondly, due to reported gender differences in eating style traits 18 , data 221 was split by gender for comparison between weight groups in males and females.
222
Independent t-tests were used to compare demographic characteristics (e.g. age) between 223 BMI categories. Self-reported hunger levels (measured using VAS) before and after liquid 224 meal consumption were compared using a mixed between-within analysis of variance 225 (ANOVA) with VAS score from the fasted trial and fed trial as within-subject variables and 226 weight group (normal weight vs. overweight/obese) as the between subject variable.
227
Analyses of reaction time and eye-movement data were also conducted using mixed-design 228 ANOVA with weight group as the between-subject factor and hunger condition (fasted vs. 
Gaze direction bias
261
Gaze direction bias scores are presented in Table 3 . There was a significant main effect of 
Gaze duration bias
270
A main effect for energy density (Table 3) Table 1 . Baseline characteristics and subjective hunger rating scores of study participants. Abbreviations: RT, reaction time; HED, high energy density; LED, low energy density.
Visual probe task: Incongruent -probe replaces control image, congruent -probe replaces food image. Gaze duration bias score >0.5, 0.5 or <0.5 represents maintained attention to food related images, no bias and maintained attention to non-food (control pictures) related images respectively. Mixed design ANOVA: weight group (normal weight vs. overweight/obese) as between-subject factor; gaze duration bias scores (high energy density vs. low energy density) as within-subject factor. Different letters represent statistically significant differences.
